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BIBLIOGRAPHY OF THERMAL METHODS 
OF OIL RECOVERY ' 


BY 
W. T. WERTMAN,? N. A. CASPERO,? AND T. E. STERNERS 


INTRODUCTION 


ABORATORY research has been started at the Bureau of Mines Morgantown Petroleum 
L, Research Laboratory, Morgantown, W. Va., to investigate the possibilities of thermal-recovery 

methods for producing crude oils of high API gravity found in oil reservoirs of the eastern 
Wie oes his bibliography on thermal methods of oil recovery was compiled as a part 
of the work. 

Crude oil discoveries to December 31, 1958, in the United States were estimated to exceed 
270 billion barrels. Cumulative production of crude oil through 1958 was about 60 billion barrels, 
and the American Petroleum Institute estimates that an additional 30.5 billion barrels are eco- 
nomically recoverable by present methods. On this basis, about two-thirds of the oil that has 
already been found can be classified as economically unrecoverable for lack of a satisfactory method. 

The rapidly rising costs of proving new deposits of domestic petroleum, the lack of new dis- 
coveries of large oilfields in the United States, and the growing demand for crude oil have caused 
an acceleration of research to develop new or improved methods for producing ‘‘unrecoverable”’ 
oil in known reservoirs. 

The use of heat to stimulate oil production has received considerable attention in recent years. 
Several thermal-recovery methods, now in the early stages of development and application, may 
be of greater potential benefit than water flooding or gas-injection recovery because 60 to 70 percent 
of the oil originally in place may be recovered. Continued improvements in these methods promise 
that much of the oil classified as unrecoverable by present methods could be economically produced. 

Thermal methods seem to have their most effective application in recovery of low-gravity 
(API) crude oils but are not limited to the production of these heavy oils. Several methods involve 
gas- and liquid-drive mechanisms in addition to supplying heat to the reservoir, and these mecha- 
nisms may be very effective in producing light crude oils. However, the application of thermal 
methods to produce high-gravity (API) crude oil has not been very extensively developed because 
other oil-recovery processes, such as waterflooding or gas injection, are being used effectively to 
produce these high-gravity crude oils from reservoirs. An exception is the use of heat in well- 
reconditioning work to remove paraffin deposits. 

Heating production wells to improve recovery rate and ultimate recovery is the oldest known 
application of heat to oil reservoirs. Direct injection of hot fluid (water, gas, or steam) to reduce 
oil viscosity is another method of applying heat to a reservoir to stimulate oil production. Results 
of laboratory work have shown that elevation of injection-water temperature will improve oil- 
displacement efficiency. 

Underground combustion is a thermal oil-recovery method whereby the necessary energy is 
furnished by injecting air into the reservoir and burning part of the crude oil. The process basically 
consists of (1) injecting air into a reservoir to establish a flow path for movement of combustion 
gases, (2) igniting the crude oil at the injection well, and (3) propagating the combustion front 
through the reservoir by continued air injection. The narrow, burning zone advances radially 
from the injection well and moves the oil to the production well. Fuel for combustion is supplied 
bv heavy, residual material (coke) that has been deposited on the sand during distillation and crack- 


1 Work on manuscript completed July 1959. 
3? Petroleum and natural gas engineer, Bureau of Mines, Region V, Morgantown, W. Va. 
3 Engineering aid (petroleum), Bureau of Mines, Region V, Morgantown, W. Va. 
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ing the ance oil ahead of the combustion front and/or by combustible gas mixed with the air that 
is injected. 

Recovery of petroleum by underground combustion is not a new idea. A process was patented 
for supplying heat by burning oil and combustible gas in a well, 36 years ago in the United States. 
Soviet engineers reported on field experiments with a crude-oil gasification process in 1935. In 
1952 engineers of Sinclair Oil & Gas Co. and Magnolia Petroleum Co., independently, conducted 
field tests in the midcontinent area of the United States. Since that time, seven additional field 
tests have been completed. Nine projects are underway at present, and at least nine projects are 
in various stages of planning. 

Field tests of underground combustion have used the following variations: (1) Continuous 
injection of air causing the flame front to burn steadily as it moves from input to producing wells, 
(2) formation of a large heat wave to be moved by gases of limited oxygen content to control the 
rate of burning, and (3) stopping combustion part way between the injection and production wells 
and moving the heat wave toward the production well by cycling the produced gases. 

Reverse combustion is another variation of the underground combustion method. No field 
tests of this approach have been reported in the literature. In this procedure, combustion is 
initiated at the production well, and a burning zone is propagated from the production well to the 
air-injection well Oil is recovered by vaporization and thermal cracking, and passes mostly in 
the vapor phase through the burned-out, hot formation to production wells. 

This bibliography includes 249 references to U.S. patents and published literature relatin 
to thermal processes of oil recovery. Some of the references pertain to specific processes of co 
gasification and shale oil extraction; however, these references were included because of their 
possible application to oil sands. 

An effort has been made to include references on thermal oil-recovery methods to June 1959. 
The bibliography is divided into the following sections: (1) U.S. patents, (2) literature references, 
and (3) an author index. The patents and literature references are listed alphabetically by author 
by intervals of years. 
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UNITED STATES PATENTS 


1899-1925 


BakKER, D. R. Apparatus for Extracting the Vol- 
atilizable Contents of Sedimentary Strata. U-S. 
Patent 895,612, Aug. 11, 1908. 

CxiaRK, C. Process of Subterranean Distillation 
of Volatile Mineral Substances. U.S. Patent 
1,510,655, Oct. 7, 1924. 

Cooper, A.S. A paratus for Raising Bituminous 
Sand From Wells and Separating Bitumen From 
ana i a U.S. Patent 636,117, Oct. 31, 
1 ; 

Day, D. T. Process for Extracting Oils and Hydro- 
carbon Material From Shale and Similar Bitu- 
minous Rocks. U.S. Patent 1,342,741, June 8, 


1920. 
Method for 
Working Oil Shales. U.S. Patent 1,422,204, 


July 11, 1922. 


» Howarp, F. A. Method of Operating Oil Wells. 


(Assigned to Standard Oil Development Co.). 
U.S. Patent 1,473,348, Nov. 6, 1923 


7. SNELLING, W. O. Method of Treating Oil Wells. 


U.S. Patent 1,104,011, July 21, 1914. 


8. Squires, F. Apparatus for and Method of Recov- 


10. 


11. 


12. 


18. 


14. 


15. 


16. 


17. 


18. 


19. 


(Assigned to Walter Squires, 


ering Oil and Gas. 
U.S. Patent 1,249,232, Dec. 


Zanesville, Ohio.) 
4, 1917. 


Recovery of Oil From Qil-Sands.  (As- 
signed to Walter Squires, Zanesville, Ohio). 
U.S. Patent 1,263,618, Apr. 23, 1918. 


Method of Increasing the Yield 
U.S. Patent 1,457,479, June 5, 


1926-40 


Cuaytor, E. E. Apparatus for Mining. (As- 
signed to Charles Paul Mackie, Newark, N.J. 
U.S. Patent 1,607,586, Nov. 16, 1926. 

. Method and Apparatus for Recovering 
Oil From Loose Oil Bearing Strata. (Assigned 
to Charles Paul Mackie, Newark, N.J.) U.S. 
Patent 1,612,611, Dec. 28, 1926. 

CRAWSHAW, Apparatus for Extracting Oil 
From Shale Deposits by Heating in Situ. U.S. 
Patent 1,666,488, Apr. 17, 1928. 

H1xon, H. W. Apparatus for Recovering Oil 
From Subterranean Oil Pockets. U.S. Patent 
2,188,737, Jan. 30, 1940. 

K ARRICK, Underground Gasification of 
Carbonaceous Material Bearing Substances. 
U.S. Patent 1,913,395, June 13, 1933. 

RANNEY, L. Ap aratus for Recovering Oil. (As- 
signed to Standard Oil Development Co.). U.S. 
Patent 1,660,818, Feb. 28, 1928. 

Ricu, J. Le Process and Means for Extracting 
is aiiaes U.S. Patent 1,735,012, Nov. 12, 
1929. 

Uren, L. C. Flooding Method for Recovering 
Oil. (Assigned to Standard Oil Development 
Co.) U.S. Patent 1,735,481, Nov. 12, 1929. 


1941-50 


Barton, P. D., AND DouGHERTY, P. F. Method of 
Producing Petroleum. (Assigned to Sun Oil Co.) 
U.S. Patent 2,390,770, Dec. 11, 1945. 


Wo.tcort, E. R 
of Oj Wells. 
1923. 
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20. 
21. 


22, 


28. 


24, 


25 


26. 


27. 


28. 


29, 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


Cross, R. Method for Secondary Recovery of Oil. 
U.S. Patent 2,386,036, Oct. 2, 1945. 

Frey, F. E. Method of Recov ery of Hydrocarbons. 
(Assicned to Phillips Petroleum Co.) U.S. 
Patent 2,382,471, Aug. 14, 1945. 

GREENE, F.C. Generation of Synthesis Gas. (As- 


siened to In Situ Gases, Inc.) U.S. Patent 
2,466,945, Apr. 12, 1949. 

RANNEY, L. Method for Producing Oil From 
Viscous Deposits. U.S. Patent 2,365,591, Dec. 
19, 1944. 

STEFFEN, R. M. Underground Oil Recovery. U.S. 
Patent 2,421,528, June 3, 1947. 

Uren, L. C. Process and Apparatus for Recovery of 
Volatilizable Constituents From Undercround 
Carbonaceous Formations. (Assicned to Texaco 
Development Corp.) U.S. Patent 2,481,051, 


Sept. 6, 1949. 
1951-55 


P. Subterranean Retorting of Shales. 


US. 


Ev ANS, Te 
(Assigned to Socony-Vacuum Oil Co.) 
Patent 2,630,306, Mar. 3, 1953. 

Herr, L. C. Process for Conversion of a Mixture of 
Hydrocarbonaceous Solids and Liquid Hydro- 
carbons. (Assizned to Universal Oil Products 
Co.) U.S. Patent 2,587,729, Mar. 4, 1952. 

Kaasa, O. G. Apparatus. (Assigned to Sinclair 
Oil & Gus Co.) U.S. Patent 2,722,278, Nov. 1, 
1955. 

Lsunestrém, F. Method of Electrothermal Pro- 
duction of Shale Oil. (Assigned to Svens*<a 
Skifferolje Aktiebolaget, Orebro, Sweden.) U.S. 
Patent 2,634,961, Apr. 14, 1953. 

Martin, J. W. Method of Recovering Oil From 
Oil Shale. (Assigned to Carbonic Products, 
Inc.) U.S. Patent 2,630,307, Mar. 3, 1953. 

Mayes, G. C., aNb Kocu, R. L. Method of Initiat- 
ing Subterranean Combustion. (Assigned to 
Socony-Vacuum Oil Co.) U.S. Patent 2,670,- 
047, Feb. 23, 1954. 

MERRIAM, EF. S., aNp Squires, F. Thermal Drive 
Method for ‘Recovery of Oil. U.S. Patent 
2,584,605, Feb. 5, 1952. 

Pearce, F. G., ann Latta, J. EI. Method for 
Gasification of Subterranean Carbonaceous De- 
»osits. (Assigned to Stanolind Oil & Gas Co.). 
1S. Patent 2,695,163, Nov. 23, 1954. 

Piros, J. J.. AND CAMPBELL, O. F. Gas Burner and 
Burning Gas in Oil and Gas Wells. (Assigned to 
Sinclair Oil & Gas Co.) U.S. Patent 2,668,592, 
Feb. 9, 1954. 

Smitu, R. L., aNp Watson, K. M. Oil Recovery 
Process. (Assizned to Sinclair Oil & Gas Co.) 
U.S. Patent 2,642,943, June 23, 1953. 


1956 


Barcuay, H. A., aNpD Nicuots, D. P. Subsurface 
Ig niter. (Assigned to Socony Mobil Oil Co.) 
US. Patent 2,771,140, Nov. 20, 1956. 

LJUNGSTROM, F. Method of Treating Oil Shale 
and Recovery of Oil and Other Mineral Products 
Therefrom. (Assigned to &venska Skifferolje 
Aktiebolaget, Orebro, Sweden.) U.S. Patent 
2,732,195, Jan. 24, 1956. 
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40. 


41. 


42. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 
55. 


. Simm, C. N. 


. Bonn, D. C. 


. CRAWForRD, P 


BIBLIOGRAPHY OF THERMAL METHODS OF OIL RECOVERY 


Method of Heating Subterranean 
Formations. (Assigned to California Research 
Corp.) U.8. Patent 2,747,672, May 29, 1956. 
. Method of Oil Recovery by In Situ 
Combustion. (Assigned to California Research 
Corp.) U.S. Patent 2,771,951, Nov. 27, 1956. 
Method of Consolidating Subterranean 
Formations. (Assigned to California Research 
Corp.) U.8. Patent 2,771,952, Nov. 27, 1956. 
Stewart, J., Futtron, 8. C., ann Lancer, A. W., 
Jr. Recovery of Oil From Bituminous Sands. 
(Assigned to Esso Research & Engineering 
Co.) U.S. Patent 2,772,209, Nov. 27, 1956. 


1957 


BEaNING, P. D., Grass, BE. D., ann Rzasa, M. J. 
Oil Recovery by Underground Combustion. 
(Assigned to Pan American Petroleum Corp.) 
U.S. Patent 2,803,305, Aug. 20, 1957. 

: Increasing Production Rates of Gas 

and Oil Wells. (Assigned to Pure Oil Co.) 

U.S. Patent 2,796,935, June 25, 1957. 

. B. Recovery of Petroleum Oil 

From Partially Depleted Subterranean Reser- 


voirs. U.S. Patent 2,804,146, Aug 27, 1957. 
. Drxon, H. O. Production of Oil by In Situ Com- 
bustion. (Assigned to Phillips Petroleum Co.) 


U.S. Patent 2,818,118, Dec. 31, 1957. 


. Fatt, I. Process for Treating Oil Well Formations. 


(Assigned to California Research Corp.) U.S. 
Patent 2,799,342, July 16, 1957. 


. Fisner, F. R., ann Pevzer, H. L. Thermal Proc- 


ess for In Situ) Decombustion of Oil Shale. 
(Assigned to Sinclair Oil & Gas Co.) U.S. 
Patent 2,780,449, Feb. 5, 1957. 

Koca, R. L. Initiation of Combustion in a Sub- 
terranean Petroleum Oil Reservoir. (Assigned 
to Socony Mobil Oil Co.) U.S. Patent 2,818,117, 
Dec. 31, 1957. 

Luunastrém, F. Recovering Subsurface Bitumi- 
nous Deposits by Creating a Frozen Barrier and 
Heating In Situ. (Assigned to Svenska Skiffer- 
olje Aktiebolaget, Orebro, Sweden.) U.S. Pat- 
ent 2,777,679, Jan. 15, 1957. 

Device for Recovering Fuel From Sub- 
terranean Fuel-Carrying Deposits by Heating 
in Their Natural Location Using a Chain Heat 
Transfer Member. (Assigned to Svenska Skiff- 
erolje Aktiebolaget, Orebro, Sweden.) U.S. 
Patent 2,789,805, Apr. 23, 1957. 

Marx, J. W.. AND PaRKER, H. W. Process for 
Recovery of Petroleum From Sands and Shale. 
(Assigned to Phillips Petroleum Co.) U.S. 
Patent 2,813,583, Nov. 19, 1957. 

Morsz, R. A. Oil Recovery by Underground 
Combustion. (Assigned to Pan American Pe- 
eleum Corp.) U.S. Patent 2,793,696, May 28, 


Simm, C. N., ann Dx Priester, C. L. Method of 
Reestablishing In Situ Combustion in Petrolifer- 
ous Formations. (Assigned to California Re- 
eee Corp.) U.S. Patent 2,793,697, May 28, 


1958 


Dixon, H. O. Receoverin 
U.S. Patent 2,862,558, Dec. 2, 1958. 

Marx, J. W., aNp Mreumet, R. T. Oil Recovery 
by In Situ Combustion. (Assigned to Phillips 
Petroleum Co.) U.S, Patent 2,853,137, Sept. 
23, 1958. 


Oils From Formations. 
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56. 


57. 


58. 


59 


60. 


61. 
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64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72 


73. 


Moors, T. V., aN» Hotret, H.C. Process for the 
Recovery of Oil From Subterranean Reservoirs. 
(Assigned to Jersey Production Research Co.) 
U.S. Patent 2,853,136, Sept. 23, 1958. 

TapEMA, H. J., aND Quant, J. T. Process for 
Igniting Hydrocarbon Materials Present Within 
Oil-Bearing Formations. (Assigned to Shell 
ey cpuens Co.) U.8. Patent 2,863,510, Dec. 

, 1958. 

Utennove, G. F. L., Baron van, TapEema, H. J.. 
AND Kets, D. C. Petroleum Production by 
Underground Combustion. U.S. Patent 2,862,- 
557, Dec. 2, 1958. 

Wa.Ter, H. Method and Arrangement of Appa- 
ratus for Oil Recovery. van yea to Worthing- 
ton wa 7 U.S. Patent 2,823,752, Feb. 18, 1958. 

ethod for Oil Recovery With “In Situ” 
Combustion. (Assigned to Worthington Corp.) 
U.S. Patent 2,839,141, June 17, 1958. 

Watson, K. M. Oil Recovery by Subsurface 

Thermal Processing. U.S. Patent 2,825,408, 


Mar. 4, 1958. 
1959 


ALLEN, J. C., AND KunEtTKA, R. E. In Situ Com- 
bustion Within a Subsurface Formation Con- 
taining Petroleum Hydrocarbons. (Assigned to 
The Texas Co.) U.S. Patent 2,871,941, Feb. 3, 
1959. 

CARPENTER, P. G. Recovery of Hydrocarbons 
From Oil-Bearing Strata. (Assigned to Phillips 
Petroleum Co.) U.S. Patent 2,880,802, Apr. 7, 
1959. 

Evrenivs, M. O., AND PERSSON, B. Apparatus for 
Recovering Combustible Substances From Sub- 
terraneous Deposits In-Situ. (Assigned one-half 
to Svenska Skifferolje Aktiebolaget, Orebro, 
Sweden, and one-half to Husky Oil Co.) US. 
Patent 2,890,775, June 16, 1959. 

GARRISON, A. D., AND KunetKa, R. E. In Situ 
Combustion. (Assigned to The Texas Co.) 
U.S. Patent 2,871,942, Feb. 3, 1959. 

Horrstriém, N. A., AND Evrenius, M. O. Appa- 
ratus for Recovering Combustible Substances 
From Subterraneous Deposits In-Situ. (Assigned 
one-half to Svenska Skifferolje Aktiebolaget, 
Orebro, Sweden, and one-half to Husky Oil Co.) 
U.S. Patent 2,890,754, June 16, 1959. 

Morsez, R. A., AND RzZASsA M. J. Heavy Oil 
Recovery. (Assigned to Pan American Corp.) 
U.S. Patent 2,881,838, Apr. 14, 1959. 

ParKER, H. W. Initiating In Situ Combustion in 
a Stratum. (Assigned to Phillips Petroleum Co.) 
U.S. Patent 2,880,803, Apr. 7, 1959. 

ParKER, H. W. Recovery of Hydrocarbons hv 
In-Situ Combustion. (Assigned to Phillips Pe- 
troleum Co.) U.S. Patent 2,888,987, June 2, 
1959. 


ScHLEICHER, A. R. Oil Recovery by In-Situ 
Combustion. (Assigned to Phillips Petroleum 
Co.) U.S. Patent 2,889,882, June 9, 1959. 

TapEemMa, H. J. procueine Petroleum by Under- 
ground Combustion. (Assigned to Shell De- 
velopment Co.) U.S. Patent 2,874,777, Feb. 24, 
1959. 

TRANTHAM, J. C., AND Drxon, H.O. Oil Recovery 
by In-Situ Combustion. (Assigned to Phillips 
Petroleum Co.) U.S. Patent 2,889,881, June 9, 


1959. 

WiuiiaMs, P. 8. Secondary Recovery Process. 
(Assigned to Jersey Production Research Co.) 
U.S. Patent 2,876,838, Mar. 10, 1959. 
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